The di ssociation co nstant of m-nitrophenol in 50 wt percent methanol-water as solvent ha s been determined at 25, 30, 35, and 40°C. A spectrophotometric method was used, together with acidity functions for buffer so lutions in 50 percent methanol derived from previous emf meas ure ments. Values of the e nthalpy and entropy c hanges on dissociation of the phenol have been calculated. A co mpariso n with co rresponding values for the dissociation of m-nitrophenol in aqueous so lution affords a measure of the med ium effect. The medium effect for m-nitrophenollies intermediate between that for Q·nitrophenol and that for p-nitrophenol.
Introduction
The acidic dissociation of ammonium ion is an acidbase process (protolysis) of charge type A+Bo. Ammonium ion dissociates to give an unc harged product, NH3:
The dissociation constant for an A+BO process (expressed as pK) is invariably reduced if, instead of water as solvent, 50 wt percent methanol is used. This is true for the ammonium ion [1] 2 and the protonated forms of tris(hydroxymethyl)aminomethane [2] , 4-aminopyridine [3] , aniline, and methyl-and dimethylaniline [4] . The contrary behavior is found for dissociation processes of charge type AOB-such as acetic acid, HAc:;:= H+ + Acwhose pK values are higher in 50 percent methanol than in water. This has been shown to be true for acetic acid itself [5] and for a number of other acids [4] of the same charge type. Data are now presented for an acid of the phenolic type, m-nitrophenol, and it is shown that its pK values follow the same pattern. 
Method
The principle of the spectrophotometric method used in this work is as follows. Consider three solutions of m-nitrophenol, all of the same stoic hiometric concentration. Let acid be added to the first solution to co nvert the phenol entirely into its molec ular form , HN. Let alkali be added to the second solution to convert the phenol entirely into its dissociated form, N -. Let the third solution contain a buffer mixture. The optical densities of the three solutions, each at the samt wavelength, are Dt , D2, and D, respectively. Then a = (D -D t)/(D 2 -D 1) is the proportion of phenol present in the anionic form, N-, and the dissociation constant of the phenol is given by:
This can be written as:
where the acidity function p(aHl'eJ designates the quantity-log (mH+ I'H+ 1'C1-)' It is advantageous to use a buffer solution whose p(aHl'eJ value is approximately equal to the pK value of the phenol; a is then about 0.5 and the ratio (D -D1)/ D2 -D) can be measured with maximum accuracy.
Buffer solutions which are equimolal in tris(hYdroxy· methyl)aminomethane and its hydrochloride· in 50 percent methanol have values of p(aHyd abolJt 8 [6] . m·Nitrophenol, however, has a pK value nearly 9 in this solvent medium. Some measurements were made (table 1) of the pK value of m·nitrophenol a\ 25°C using this equimolal buffer solution, but it was thought desirable to use solutions with a higher valutl of the buffer ratio m2/ml, where m2 is the molality of tris· (hydroxymethyl)aminomethane and ml that of its hydrochloride. , The problem is to obtain p(aHyd values for these buffer solutions, and to do so it is necessary to revert to some earlier work. The pK value of tris(hydroxymethyl)aminomethane in its protonated form (desig· nated pKT in order to distinguish it from the pK value of m-nitrophenol) is given by:
where T designates tris(hydroxymethyl)aminoIT\ethane and TH+ the protonated form. It has been sho>yn [2, 7] that the last term can be represented as: These values of f3 are valid for solutions in which tris(hydroxymethyl)aminomethane and its hydro· chloride are present in equimolal amounts. The assumption is now made that these values also hold for solutions in which the buffer ratio is not unity. Some doubt may be held as to the validity of this assumption. In the determination of the dissociation constant of tris(hydroxymethyl)aminomethane in aqueous solution, Bates and Hetzer [8] found eq (4) was satisfactory with a = O. They used solutions containing only tris(hydroxymethyl)aminomethane and its hydrochloride. Datta, Grzybowski, and Weston [9] , however, added potassiuJ1l chloride to their solu· tions and found that a = 3.2 A gave a good representa· tion of their results. Nevertheless, the use of f3 values independent of the buffer ratio seems to be justified by the fact that it leads to concordant pK values (table
Experimental Procedure
Degrees of dissociation, a , of m·nitrophenol were measured spectrophotometrically in the usual manner. A stable single·beam spectrophotometer was used. It had been found in earlier studies to be capable of precise and reproducible measurements of the optical density in the visible and ultraviolet regions of the spectrum.
A thermostated cell block was constructed using the metal cell holder supplied with the spectrophotometer. The holder has provision for four cells, and a heater was placed in each of the outer cell positions ( fig. 1) . These heaters were formed by winding 7 ft of 26 Band S nichrome wire, insulated with glass spaghetti, on to each of two aluminum blocks. The complete heaters fitted snugly into the cell holder. The heater windings were connected in series.
A thermistor cemented to the cell holder served as a sensor in a temperature·control circuit. A second thermistor, used for temperature measurement, was mounted on a movable metal bracket so that it could be placed in the solution in one of the cells or moved aside when solutions were being changed. Leads from the heaters and thermistors terminate in a six·pin socket mounted on the cell holder; the leads from a corresponding six·pin plug were passed through a hole in the lid of the cell compartment.
1) at 25°C with buffer ratios of m2/ml = 1.007, 4.06, FIGURE I. Controlled·temperature cell block for spectrophotometric and 5.98.
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m.easuren"tents.
Th
rature controll er. Th e heaters constitute th e load for thi s co nt.roller. Provision was made for conn ec tin g a 100-or 250-0, ballast load in series with the hea te rs. Using thi s apparatu s, the te mperature of the solut io ns co uld be regulated be tween room te mp erature a nd 50 "C with a constancy of 0.01 0c.
The m-nitrophenol, of a co mm er cial grad e beli e ved to be highly pure, was recrys tallize d twi ce from wate r. Its melting point , found to b e 96°C after crys tallization , agreed well with valu es given in th e literature. The buffe r solutions were pre pared from tris base, s tandard hydrochloric acid, and purified methanol in the manner describ ed in an earli er publi cati on [2j. 
Results
Tabl e 1 gives expe rim e ntal de tails of the measureme nts; ' I , the total ioni c stren gth of the solution , is equal to m!, the co ncentration of tris(hydroxymethyl)-amino methan e hydroc hloride; 2 log Y is an abbreviation fot log YT/(YTH+ ' Ycd and has been calculated usin g eq (4). Measurem e nts were mad e at two wavele ngth s, usin g 1 cm cells . In calculating valu es of pK a small correc ti on was made for the effect of m-nitroph e nol on the p(a l-/y d valu e of the buffer solution [10] .
Mean valu es of pK at 25,30,35 , and 40°C are given below , wh ere they a re compared with corres po ndin g valu es for th e dissocia tion process in aqueous solution [1 J]. [12] . The quantity t1Go=2.3026RTt1pK is the c hange in Gibbs free e nergy 'for the transfer reaction:
where w stands for water and s for 50 percent methanol. I1Go for this reaction increases from 0.84 kca) mo)-I at 25°C to 0.97 kcal mol-I at 40°C (I 
